Background-Pediatric health-related quality of life (HRQOL) questionnaires have been validated in children with sickle cell disease (SCD), but small sample sizes in these studies have limited clinical comparisons. We used the baseline clinical data from the Collaborative Data (C-Data) Project of the Comprehensive Sickle Cell Centers (CSCC) Clinical Trial Consortium to perform a detailed, descriptive study of HRQOL using the PedsQL™ version 4.0 generic core and fatigue scales.
INTRODUCTION
Occasional episodic acute complications characterize sickle cell disease (SCD) in childhood. These acute complications often become more frequent in adolescents, who additionally begin to display variable degrees of chronic multi-organ dysfunction typical of adults with this disorder. Pain resulting from sickle erythrocyte vaso-occlusion is the most common acute complication in children, with both pain and priapism potentially becoming frequently recurrent complications. Avascular necrosis of hips or shoulder joints, and cardiopulmonary or renal dysfunction are examples of chronic complications that become increasingly prevalent in adolescents and young adults [1, 2] .
These acute and chronic complications lead to predictable disease-related symptoms. For example, hemolysis causes variable degrees of chronic anemia that contributes to fatigue and activity limitations, and vaso-occlusion associated with sickled erythrocytes causes acute and chronic pain [3] . Studies of vaso-occlusive pain episodes using self-report pain diaries [4] [5] [6] have provided descriptions of the effects of these acute complications on affected individuals from their own perspective. Health-related quality of life (HRQOL) measures are increasingly being used in both descriptive and interventional studies to obtain similar self-report information on a range of domains [7, 8] in a wide variety of disorders, allowing comparisons across age groups, functional limitations, or symptoms [9, 10] .
Health-related quality of life questionnaires have been used in several pediatric SCD studies [11] [12] [13] [14] [15] , which have provided preliminary evidence for validity and reliability. In these studies, caregivers of children with SCD reported that their children had more limited physical, psychological, and social well-being than healthy children. Compared with their children's reports, parents reported worse HRQOL in the overall perception of their children's health, physical functioning, behavior, and self esteem. Older child age, female gender, lower income, and more severe disease were correlated with greater limitations in the physical health of children with SCD.
The large SCD population participating in studies conducted by the Comprehensive Sickle Cell Centers (CSCC) Clinical Trial Consortium (CTC) provided an opportunity to further describe the responses of 1700 parents/guardians and their children using the Pediatric Quality of Life Inventory (PedsQL™) and to examine the relationship between domains of reported HRQOL in SCD and various disease-related complications.
Background
The 2003 National Heart Lung and Blood Institute (NHLBI) Request for Applications (RFA) scope of work for the CSCC Program required the development of a database to capture information on patients receiving care at the CSCC Centers. The Collaborative Data (C-Data) Project, a large multi-faceted database effort, was designed to meet this requirement. The objectives of the database included: 1) development of a resource for use in planning future multi-center studies in SCD; 2) formulation of standard definitions for the most common clinical complications of SCD; 3) assessment of the social and financial burden of living with this disease; and 4) collection of information relevant to the daily quality of life of individuals with SCD. The investigation and analysis of HRQOL among children with SCD described in this paper represents one component of the C-Data Project.
At the onset of the C-Data project, validated instruments specifically designed to assess HRQOL for adult or pediatric sickle cell populations were not available. The protocol team reviewed several standardized HRQOL and subject satisfaction instruments to determine the most appropriate for use in the pediatric SCD population. The availability of separate core modules for parents and children and of age-appropriate versions, the potential for independent and combined assessment of the domains, and the widespread experience with its use in other chronic disease populations were factors considered in selecting the PedsQL™ as the C-Data HRQOL instrument.
MATERIALS AND METHODS
At the time of initial enrollment, study staff administered psychosocial and health behavior interviews that required approximately 10 minutes to complete. Two versions of the interview were utilized: one for children accompanied by a parent/guardian and one for participants answering independently. The PedsQL™ was self-administered as described below. Retrospective clinical data on medical conditions, SCD complications, surgeries, medications, procedures, and medical tests were obtained by medical record abstraction.
Study Population, Recruitment, and Enrollment
Adult and pediatric patients with all forms of SCD at participating CSCC Centers and satellite sites were considered eligible for C-Data Project enrollment if seen within the last 24 months and were expected to return for care. Participant enrollment occurred either at the time of a special C-Data recruitment event or at a routine clinic visit. Nine CSCC centers, representing 19 clinical sites, participated in the C-Data Project.
Completion of informed consent, the enrollment form, interview, collection of clinical data, and age-appropriate HRQOL modules was required in order to consider an individual's baseline data complete. Only those participants with complete baseline data were included in the analysis for this manuscript.
Measurement
The detailed guidelines and interview script for administration, and recommended scoring for each module, including methods for handling missing data and forms, provided with the leasing agreement for the PedsQL™ instruments were used without modification in the conduct of this study. In this study, the HRQOL forms were self-administered for parents and children ages 8 to 18 and interviewer-administered for children ages 5 to 7. Parents and children were required to complete the questionnaires independently. Children with documented developmental delay used the HRQOL form reflective of their developmental age. Parents and children with limited literacy had the questions read to them. If a language barrier was present, HRQOL measurements were not obtained as validated non-English versions were not available at the time the study was initiated.
The PedsQL™ Generic Core Scale
The PedsQL™ version 4.0 [16] is a multi-dimensional child self-report and parent proxy report of generic core measures integrated with disease-specific modules. The PedsQL™ Generic Core has four domains: physical, emotional, social and school functioning, with child self-report versions for a broad age range (age groups 5-7, 8-12, and 13-18) and parallel parent proxy reports for each age group. The PedsQL™ includes only a parent proxy report for toddlers age 2-4. Likert response scale items are reverse-scored and linearly transformed to a 0-100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), so that higher PedsQL™ scores indicate better HRQOL. Substantial normative data from a wide range of pediatric disorders are available [16] [17] [18] [19] [20] .
The PedsQL™ Multidimensional Fatigue Scale
The 18-item PedsQL™ Multidimensional Fatigue Scale is composed of 3 subscales: General Fatigue (6 items), Sleep/Rest Fatigue (6 items), and Cognitive Fatigue (6 items) . This scale has parallel child self-report and parent proxy-report formats identical to those of the Generic Core Scales. The format, instructions, and scoring method are also identical to the Generic Core Scales.
Presence of Medical Conditions, Disease Complications, and Co-morbid Conditions
A physician diagnosis of asthma, a previous radiographic diagnosis of avascular necrosis of hips or shoulders (AVN) or previous occurrence of priapism were determined from structured review of available medical records. These disease complications/medical conditions or co-morbid conditions (asthma) were the only ones with sufficient prevalence in this pediatric SCD population for subsequent analysis. The number of acute care visits for pain in the preceding year and the number of days of work/school missed due to pain in the preceding year were obtained from parent/patient report.
Statistical Methods
Statistical analyses for this manuscript were generated using SAS/STAT ® software, Version 9.1 of the SAS System for Windows [21] . Data were analyzed for the total sample and separately by age group. The distribution of the scale scores was evaluated by the percentage of lowest possible scores (floor) and highest possible scores (ceiling) by age group. Internal reliability was assessed by calculating Cronbach's coefficient alpha [22] , with a value of 0.7 or greater judged to be acceptable reliability. In order to assess the agreement between parent report and child report, Pearson correlation coefficients and intraclass correlation coefficients (ICC) using a two-way mixed model were calculated. General linear models controlling for gender, sickle hemoglobinopathy type, and age group were used to examine relationships between scale scores and the number of missed school or work days due to sickle cell pain, or the number of acute care visits for sickle cell pain, and the presence of AVN, priapism, or asthma. For the purposes of reporting, a p value of 0.05 was used as a measure of descriptive statistical significance. P values were not adjusted for multiple comparisons, so results should be considered exploratory.
RESULTS
The average age of the 825 girls (47%) and 947 boys (53%) was 9.6 years (standard deviation [SD] 4.7, median 9) with a range of 2 to 18 years. For child self-report, the average age of the 639 girls (46%) and the 754 boys (54%) was 11.3 years (SD 3.8 median 11) with a range of 5 to 18 years. As expected, the participants were largely Black or African-American (95%) of non-Hispanic/Latino ethnicity (95%) ( Table I ). The sample included 1210 children with SS or Sβ 0 thalassemia (68%) and 562 children with SC or Sβ + thalassemia (32%). Table I also shows the distribution of hemoglobin levels, SCD complications and associated conditions, days hospitalized, and days missed from school/ work in this sample.
Distribution of scores
The number of non-missing observations, mean and standard deviation of the scale scores, and the percent at floor and ceiling responses are presented in Table II . No significant floor effects (≤1%) were seen on either parent or child report, but moderate ceiling effects (15-30%) were observed in some scales, such as social or emotional functioning and cognitive fatigue (parent and child report) and general and sleep/rest fatigue scales (parent report). Ceiling effects were most prominent in the youngest age group, with 6 of 9 scales of the parent report for the 2-4 age group having more than 30% scoring at the maximum. Since the relatively large ceiling effect for this age group caused a left-skewed distribution, the 2-4 age group was excluded in subsequent analyses.
Internal consistency -Cronbach alpha
Cronbach alpha scores were greater than 0.7 for all parent and child report scales except for school functioning (child report), which was 0.69. Parent reports had higher Cronbach alpha values, ranging between 0.79 and 0.95, than did child reports, which ranged between 0.69 and 0.88.
Parent-Child Correlations
Pearson correlations for the relationship between parent and child reports showed moderate correlations ranging from 0.38 to 0.47. Overall, the 5-7 year old age group had lower correlation coefficients between child and parent reports (range 0.26-0.39) than either the older child (range 0.38-0.49) or teen age groups (range 0.48-0.55). As expected, less easily observed items (e.g., those related to social and emotional functioning) showed somewhat lower parent-child correlations for all age groups.
Clinical Relationships
The PedsQL™ scales were evaluated by ANOVA, without controlling for any other covariates, to explore relationships between groups likely differing in clinically relevant variables (age group, gender, hemoglobinopathy type, and hospitalization frequency) as the study design was cross-sectional in nature. There was a progressive decline in all parentreported PedsQL™ scale scores except for cognitive fatigue across younger to older age groups (5-7, 8-12, 13-18) , reflecting a declining health-related quality of life ( Figure 1A , Supplemental Table I ). Overall tests of mean difference across age groups were statistically significant for parent-reported total (p<0.001), physical (p=0.002), emotional (p=0.027), school functioning (p<0.001), total, general, sleep/rest fatigue scales (all p<0.001), and cognitive fatigue scale (p=0.01), as well as for child-reported physical (p=0.023), emotional (p=0.002), social (p<0.001), school functioning (p=0.007), and sleep/rest (p=0.014) and cognitive fatigue (p=0.002) scales. Mean PedsQL™ scale scores from child reports were somewhat higher than parent reports and were variable across age groups, but were much lower than those of a population of age-matched healthy children ( Figure 1B ).
Female gender was associated with statistically significantly but nominally lower scores in parent-reported physical functioning (p=0.009) and sleep/rest fatigue scales (p=0.01). Similar gender differences were noted for child-reported total (p<0.001), physical (p<0.001), emotional functioning (p=0.003), and total (p=0.006), general (p=0.021), sleep/rest (p=0.036), and cognitive fatigue (p=0.019) scales ( Supplemental Table I ).
Between hemoglobinopathy phenotype groups, there were modest but statistically significant higher parent-reported scale scores for the SC/Sβ + thalassemia group than the SS/ Sβ 0 thalassemia group in total (p=0.008), physical (p=0.007), social (p=0.003), and school functioning (p=0.003), and general fatigue scores (p=0.033), as well as for child-reported total (p=0.022), physical (p=0.002), and social functioning (p=0.024) (Figure 2 , Supplemental Table I ).
Similar to age-related changes in scale scores, there was a decline in all parent and childreported scale scores for groups with 1-3 or ≥4 hospitalizations compared to those with no hospitalizations in the previous 2 years (Figure 3 ). Statistically significant mean differences across hospitalization groups were observed for parent-reported functioning and fatigue scales (all p<0.001, except cognitive fatigue p=0.024), and child-reported functioning scales (all p<0.001, except social functioning), and total (p=0.028) and general (p<0.001) fatigue scales.
The effects of occurrence of vaso-occlusive pain (the occurrence of any acute care visit for pain in the preceding year), the occurrence of most prevalent other recurrent or chronic complications (AVN, priapism), and the occurrence of associated conditions (asthma) on each of the scale scores, were compared together as covariates in multiple regression models controlling for gender, age group, and hemoglobinopathy group. Regression coefficients were compared to estimate the impact of these covariates on scale scores. Hemoglobin levels were not significant in regression models when hemoglobinopathy groups were also included. Use of occurrence of hospitalizations as a covariate in regression models provided similar results to that of the occurrence of pain-related acute care visits, but the later covariate was used in models as it was a more specific measure of pain. The occurrence of acute care visits for sickle pain was the dominant covariate negatively influencing all Peds QL scale scores for both parent-proxy and child reports (Table III , all p<0.001 except child report for cognitive fatigue (p=0.004)). An additional significant negative effect of a previous radiologic diagnosis of AVN compared to those without AVN was observed on parent reports for total (p=0.025), physical (p=0.006), and emotional (p=0.042) functioning, and sleep/rest fatigue scales (p=0.006) (Table III) . Similarly, an additional significant negative impact of a previous physician diagnosis of asthma was noted for all parent reports for functioning and fatigue scales (p ≤ 0.002), except sleep/rest fatigue, and for child reports for total (p=0.005), social (p=0.017), and school functioning (p<0.001), as well as the general fatigue scale (p=0.003) (Table III) . A previous episode of priapism had a relatively modest effect, with a significant additional negative effect observed for only parent reports for total (p=0.038) and school functioning scales (p=0.025), and for general fatigue scale (p=0.048).
In separate linear regression models including either missed days by child or parent as covariates, controlling for age group, gender, and hemoglobinopathy group, all parent-and child-reported scores for functioning and fatigue scales (all, p< 0.001), except child-reported cognitive fatigue, showed a statistically significant negative relationship with the number of days missed from school by the SCD child or work by the primary caregiver, with parentreported school functioning being the most negative (Table IV) .
DISCUSSION
The availability of a database with well-validated clinical data on a large, geographically diverse, pediatric SCD population provided a unique opportunity to further describe child and parent reports of health-related quality of life. The psychometric properties (percentage of floor/ceiling effects, internal consistency, confirmatory factor analysis) of the PedsQL™ questionnaire when administered to this large SCD population were similar to those previously reported in a much smaller single institution study [15] , and in larger general pediatric populations [10, 16] . In general, studies with the PedsQL™ [8-10,15-20] have shown adequate validity and reliability, but with some reduction in internal consistency and larger ceiling effects in the younger age groups. Similarly in this study, most scale ranges had a low percentage of responses in the most severe categories (floor effects), but had modest percentages of responses in the least severe categories (ceiling effects), particularly in the youngest age group (2-4 year old), child/parent reports on the social or emotional functioning scales, and for parent reports on the fatigue scales (Table II) . Potential causes include item or response wording, relative difficulty of items within scales, and difficulties with parent proxy report on behaviors not easily observed, such as those in school. Scales with reduced ceiling effects would potentially have shown a broadening in scale scores toward improved quality of life and a somewhat larger variance of scale scores, which might have reduced the statistical significance shown in this study.
The type of hemoglobinopathy was the most relevant clinical grouping for comparisons of PedsQL™ scores. A dichotomous phenotype grouping (SS/Sβ 0 thalassemia versus SC/Sβ + thalassemia) was used in analyses as the frequencies of the doubly heterozygous conditions are relatively low. The first two disorders, at least in children, are generally considered to be more severe with more frequent complications and more severe anemia, whereas the latter two disorders have less frequent complications and less severe anemia. In contrast to previous smaller, single-institution studies [11] [12] [13] [14] [15] , this study showed statistically significant diminished child-and parent-reported HRQOL, particularly in physical and social functioning, for children and adolescents with SS/Sβ 0 thalassemia compared to those with SC/Sβ + thalassemia. However, the magnitude of these differences are smaller than those generally considered to be clinically significant [16] , consistent with the considerable overlap in symptomatology between hemoglobinopathy diagnoses during childhood.
Other clinically relevant groupings include age and gender, as age-related increases in frequency and prevalence of acute and chronic complications are well recognized [24] [25] [26] , and gender differences in pain frequency have been described [24] . The large sample size of this study allowed documentation of progressive age-related decreases in virtually all parentreported and most child-reported functioning and fatigue scale scores. A previous study using the Child Health Questionnaire reported similar results for the parent-reported physical functioning summary score [12] . While children reported statistically significant gender differences in HRQOL with diminished scores on most functioning scales for female subjects, these modest differences are not likely to be clinically significant [16] .
The occurrence of acute and chronic complications requiring subsequent medical management was expected to have a negative impact on HRQOL. In this pediatric SCD population, the most frequent SCD-related complications were the occurrence of vasoocclusive pain or priapism, and the presence of AVN of one or both shoulders/hips. A previous physician diagnosis of asthma was the most common associated condition to SCD in this sample. Within the limitations of their sample sizes, several previous studies have reported diminished parent-reported physical functioning in children with severe compared to mild disease, categorized by a variety of composite severity scores [12] [13] [14] [15] . The occurrence of an acute care visit for pain treatment in the preceding year was used as an example of a SCD acute complication and was associated with substantially diminished scores on virtually all parent-and child-reported scales of the PedsQL™, with physical and school functioning and general fatigue scales showing the most prominent decrements. Prominent effects on both parent-reported physical functioning and sleep/rest fatigue scales were observed for children with a current or previous diagnosis of AVN, and on most parent-reported school functioning for those children with a previous history of priapism.
Inclusion of these complications and associated conditions in the same general linear regression model controlling for age group, gender, and hemoglobinopathy group allowed us to determine the relative importance of each on scale scores. These models suggest that the occurrence of sickle pain or AVN most impacted parent reports of physical functioning and sleep/rest fatigue, while the occurrence of sickle pain or asthma most impacted school functioning. Similarly, the occurrence of sickle pain, and to a lesser extent asthma, negatively influenced child reports on almost all functioning and fatigue scales. The cooccurrence of these complications would be expected to significantly impair health-related quality of life.
Parent-reported days of work missed or child absences from school were viewed as potential composite measures of disease activity and healthcare visits that were likely to impact parent-or child-reported quality of life. Parent-and child-reported HRQOL were progressively diminished with increasing frequency of both of these potential measures of disease activity similar to that of the frequency of individual disease complications. The parent-reported school days missed in the previous year were similar to previous reports of absenteeism for school-aged SCD children that verified data from school records [27, 28] .
There are several limitations to this study. Many clinical sites within the CSCC CTC did not have comprehensive patient databases that would have allowed a random sampling strategy, or accurate estimations of the percentage of the clinical population that enrolled in the study. In the absence of surveillance data on large geographic SCD populations, it is difficult to ascertain whether the clinical complications noted in the study participants are more frequent or less frequent than expected. The study teams at each clinical site extensively validated clinical data from available medical records, which were generally available for this pediatric population. However, some self-report information including days missed from work or school were not independently verified and thus may be less accurate.
Conclusion
Using a large, geographically diverse pediatric SCD population from the Comprehensive Sickle Cell Centers Clinical Trial Consortium, we have provided a detailed description of parent proxy and child reports of their HRQOL using the PedsQL™ questionnaire in relationship to carefully verified clinical data. In a cross-sectional design, several functioning and fatigue scales were sensitive to important clinically relevant differences in age, occurrence of vaso-occlusive pain or AVN, and the occurrence of asthma. Longitudinal studies in randomly selected SCD subjects will be necessary for further validations, particularly for determinations of sensitivity to change, but our study suggests the potential usefulness of certain HRQOL scales as patient-reported outcome measures for observational or interventional studies of children and adolescents with SCD. Refinement and calibration of similar items in children with a variety of chronic diseases, including sickle cell disease, is currently being conducted by the National Institutes of Health's Patient-Reported Outcomes Measurement Information System (PROMIS) Network, potentially providing optimized assessment tools for future pediatric SCD studies. Parent-proxy reported (A) and child-reported (B) Peds QL™ generic core and fatigue scale mean scores for hemoglobinopathy groups: SS/Sβ 0 thalassemia, SC/Sβ + thalassemia. Parent-proxy reported (A) and child-reported (B) Peds QL™ generic core and fatigue scale means scores for hospitalization frequency groups: none, 1-3, ≥ 4 in previous 2 years. 
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